PATENT SPECIFICATION ("> 1 548 652 



00 



(21) Application No. 12993/76 (22) Filed 31 March 1976 
(44) Complete Specification published 18 July 1979 

(51) INT CL* H04B 3/54 

(52) Index at acceptance 

H4R lOAX lOCl TC 
H4K 1A5X OA 
(72) Inventors WILLIAM M. BROWN 

JOHN M. RUDDY and 

ROBERT T. DUNN 



(54) TELEPHONE EXTENSION SYSTEM UTILIZING 
POWER LINE CARRIER SIGNALS 




(71) We, WILLIAM M. BROWN, 25 
Murphy Road, Hudson, Massachusetts, 
United States of America; JOHN M. 
RUDDY, 42 Pantry Road, Sudbury, Massa- 

5 chusetts. United States of America; and 
ROBERT T. DUNN, 4 Cedar Ridge Drive, 
Bedford, Massachus^ts, United States of 
America, all citizens oi the United States of 
America, do hereby declare the Invention, for 

10 which we pray that a Patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement : — 
This invention relates to telephone exten- 

15 sion systems providing a portable or mobile 
extension telephone which communicates over 
AC power wires. More particularly, the pre- 
sent invention provides apparatus for com- 
municating over AC power wires between an 

20 extension telephone and a conventional tele- 
phone line. 

According to the present invention, there 
is provided, a power line telephone extension 
system in a subscriber's premises wired with 

25 AC power wires, comprising a subscriber's 
telephone line entering the premises from a 
conventional telephone system, the subsccfliers 
line including a trip wire and ring wire, a 
master station coupled to the trip and ring 

30 wires and coupled to the power wires by a 
reactive coupling circuit, and an extension 
station coupled to an extension telephone and 
coupled to the power wires, at least one of 
the said stations being arranged to modulate 

35 telephone signals on to a earner and to couple 
the modulated carrier into the power wires, 
and at least the other of the stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute die tek|^one 

40 signals. 

The invention will be described in more 
detail, by way of example, with reference to 
the accompanying drawings, in which:* 
Figure 1 is a pictorial representation of an 

45 extension telephone system including two 
extension telephones which communicate with 
a conventional telephone line via available AC 
power wires and a conventional on line tele- 



phone which communicates with the same 
telephone line; 50 

Figure 2 is an electrical block diagram 
showing the principal electrical circuits at 
the master station between the telephone line 
and the available AC power wires; 

Figure 3 is an electrical block diagram 55 
showing the principal electrical circuits at 
one of the extension telephone stations which 
couple the extension telephone to the AC 
power wires for communication with the tele- 
phone line and the on line telephone; 60 

Figure 4 is a detailed electrical block dia- 
gram of the master station transmit-receive 
unit; 

Figure 5 is a diagram showmg the sequence 
of cradle switch, transfer/hold and other sig- 65 
nals that initiate coupling of the system to 
the subscriber's telephone line; 

Figure 6 is a detailed electrical block dia- 
gram of the extension station transmit-receive 
tmit; and 70 

Figure 7 is a circuit diagram of a conven- 
tional battery telephone transmission network 
of the type used in many conventional tele- 
phone handsets and vMch. is for example> the 
ITT type 75335-1 networii^ and is suitable 75 
for use in tiie master station transmit-receive 
unit. 

The embodiment oi the invention includes 
one or more extension telephones, each equip- 
pal with an extension transmit-receive unit 80 
(extension TR unit) enabling the extension 
phone to couple diiecdy to ie available AC 
power wires, and a master transmit-receive 
unit (master TR imit) at the master station 
which connects directiy to the available AC 85 
power wires and also couples to the telephone 
line on which there is a conventional on line 
telephone. This system is illustrated pictori- 
ally in Figure L The master TR unit serves 
as an interface between the subscriber's line 90 
and the available AC power wires. These 
power wires act as a transmission medium 
for die signals on the telephone line and carry 
these signals to the extension telephone 
stations and also carry signals from the ex- 95 
tension telephone stati<His to the telephone 
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tine. Any number of exten^oD tdephones may 
be used in this system^ eadh transmitting a 
different extension carrier frequenqr> and to 
initiate operation, it is only required that the 
5 extension TR unit of the extension telephone 
be plugged into the AC power wires. Thus, 
every AC power oudet conneaed to the 
power can be used as an extension telephone 
station. With this system in operation, aU 

10 telephone line signals at the subscriber's tele- 
phone line are fed to die extension telephones 
which are plugged into the AC power wires. 
Furthermore^ by virtue of the operation of 
the extension and master TR units, calls can 

15 be placed by the subscriber on the telephone 
line from any of the extension stations whidi 
are plugged in, and any extension station 
can communicate direcdy with the telephone 
line whedier or not the subscriber's conven- 

20 ttonal telephone is connected to the line. In 
addition, extension stations which are plugged 
into the AC power wires can communicate 
with each othor without any actuation or use 
the subscriber's conventional on Ime tele- 

25 phone at the master station. Also;, a call can 
be held by the extension tdq>hone and the 
extension i^one can be unplugged (discon- 
nected from the system), moved and plugged 
in again to continue the caL 

30 Turning to Figure 1, there is shown the 
subscriber's telephone line I and die sub- 
scriber's on line telephone 2 ^erein called 
&e master telephone). Bodi the tel^hone line 
and the master telef^one are <^ conven- 

35 tional design and are usually provided by the 
local telephone company. For purposes <^ 
exam^e, the telephone system described 
herein is a conventional system sometimes re- 
ferral to as a common battery teleph<me sys- 

40 tem whidi provides a telephone line to each 
subscriber. The subscribers telephone is on 
the line at all times and is energized by direa 
current over the telephone line from a central 
telephone switching ^stem which may be ai 

45 PBXj panel, step by step, crossbar or elec- 
tronic switching system. 

In a preferred embodiment of the present 
invention, both the telephone line 1 iod the 
. line 3 from the master telephone connect 

50 together through a master station conneaor 
4. This conneaor is merely a feed through 
with respect to lines 1 and 3. In additicm, 
die connectiM: provides telephone line ooimec- 
tion to the master station TR unit 5, This 

55 connection is line 6 and may be no different 
than the telephone line connection to a con- 
vendcmal telephone line extension phone. 
Hence, tiie connector 4 may be a conventional 
telephone extension receptacle. 

60 The master station TR unit, connects 
direct^ to the available AC power wires 7. 
This ooimection is convenientiy dirough a 
conventional AC power receptable 8 and in- 
cludes a power c^le 9 from die master unit 



widi a conventional plug 10 at the end of this 55 
wire to accommodate the receptacle. 

The master TR itioit perorms numerous 
functions. For exanq^ it is a buffer between 
the telephone line 1 and die AC power wires 
7 so that there is no direct mains frequency 70 
AC electrical connection between the tele- 
phone line wires and the power wires. In 
addition, the master unit imposes a conven- 
tional impedance load on the telephone line, 
via line 6 and the connector 4, so that the 75 
tdephone line is at all times dectrically loaded 
as required by the central switching system, 
whether or not the subscriber's master tele- 
phone 2 is on die line. Tlie structure and 
other functions of the master TO unit are go 
more fully described herein. 

For purposes of example, two extension 
stations are shown in Figure 1, numbered I 
and H and both are plugged into die AC 
power wires via conventinul power recept- 85 
ades. Qearly, any number of extension 
stations can be added and any numb€»r can 
be on the power line at the same time. Since 
all the extension stations may be the same, 
except that they generate and transmit dif- 90 
ferent extension carrier frequencies, only 
extension station number I is described herein 
in greater detail. 

The extension station includes an extension 
TR imit 15 which coufdes the extension tele- 95 
phone 12 to the extension station AC power 
outiet 18. This connection is made by an 
AC power connecting line 19 ffom the exten- 
sion unit with an AC pli^ 20 at the end of 
this cable whidi plugs into the receptacle 100 
18. The extension TR unit 15 and the ex- 
tension phone 12 are connected by lines 16. 
These Imes, the extension unit and the exten- 
sion phone are described herein in further 
detail i05 

The master and extension TR units 5 and 
15 are similar in many respects. Each in- 
cludes a carrier frequency goierator and a 
carrier frequency receiver. Rirthermore, die 
extension telephone 12 may be a conventional HO 
phone which couples to the extension TR 
unit via lines 16 that carry rdatively low 
level voltage, voice, ring, dial, etc. signals 
between the extension phone and the tele- 
phone line to enable all uses of the extension 115 
telephone described herein and all uses ^Mdi 
are normally available to a conventional ex- 
tension tele^one. 

The extension telephone such as 12 in con- 
nection with die subscriber's tdephone line 120 
as shown in Fig. 1 can be installed easily 
in any subscribing home or business location 
where ordinary AC power outlets are avail- 
able. There is no limitation on the number 
of extension j^ones that can be employed 125 
on the AC power line at any one time. The 
only liniitation mi^ be the lengdi of the AC 
power tine and the number of loads that can 
be imposed on the line at any one time whidi 
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xnay absorb die carrier frequency signals 
transmitted betweea the extension and master 
stations. This problem can be partially over- 
come by employing relatively hi^ carrier 
5 frequency power and selecting carrier fre- 
quencies whic^ are readily detected at die 
master and extension stations even thoudi 
they are very substantially attenuated in me 
AC power system. In addition, suitable filtex^ 
10 at die master and extension TR units, are 
provided to screen out noise from the AC 
power system and enable dear detection of the 
carried signal evm in die pcesoice of a high 
level of noise. 
1 5 Turning next to Figures 2 and 3, diere are 
shown detailed block diagrams die dec- 
trical drcuits at die master and esctension 
stations, and pardcularfy die master and ex- 
tension TR units and the interconnections 
20 between these units and the extension tele- 
phone. In Figure 2, the master unit includes 
a conventional transmission networi; 21. For 
purposes of example, this transmission net- 
work is identified as an ITT type 75335-1 
25 transmissioa network sold by Intematicmal 
Tdephone and Telegraph Company and 
is shown in greater detail in Figure 7. 
The tdephone line 1 connects direcdy 
to the input of network 21 dirough 
30 the connector 4 and tdq^one line 
6. As already mentioned, lines 1, 3 and 6 
may be a conventional telephone Ime. Two 
outputs of die network are denoted RING 
and MIC The RING output is obtained 
35 from terminals G and Ls (Fig. 7) of the 
network and carries the tdephone ring sig- 
nals fr<Hn die tdephone Ime. The MIC out- 
put is obtained from terminals R and B of 
die network of Fig. 7 and caccies the voice 
40 signals from the tdephone ..line. The RING 
output is fed to the ring detector circuits 22 
and the MIC output is fed to die micro- 
phone circuits 23. The outputs of these dr- 
cuits are amplified by variable gain audio 
45 amplifiers 24 and 25, respectivdy, and com^ 
bined by algebraic summing drcuit 26 and 
fed to the master carrier modulator trans- 
mitter 27. In diis transmitter, the combined 
voice and ring signals modulate die master 
50 carrier frequency (also rderred to herein as 
the fint carrier frequency) and this modulated 
carrier is fed to diplexer imit 28, where it is 
filtered and applied to one side of RF coup- 
ling network 29 which connects to die AC 
55 power wires via power line 9 and plug 10. 
llius, the ring and the voice signals on the 
tdephone line, whether they come from a 
switching station or whether the voice signals 
come from the master tdephone 2, are com- 
60 bined in die master TR unit 5 and modulate 
die master carrier frequency whldi is im- 
posed on the available AC {tower wires at the 
master station for transmissi(m to the extenr 
don station dong the power wires. 
65 The same AC power wires also bring sig- 



nals from the extension station on the exten- 
sion carrier frequency to tiie master unit The 
signals from the extendon station modulate 
die extension carrier frequency which feeds 
throu^ plug 10 and power line 9 to the RF 70 
couplmg network 29 which feeds dij^exer 
unit 28. 'Die diplexer separates the extendon 
carrier from the master carrier frequency and 
feeds the modulated extension carrier fre- 
quency, via hne 31, to the extension carrier 75 
faequency recdver and demodulator 32. 

The signals from the extension station 
indude voice dgnals, dial dgnals, extension 
cradle switch signals and hold/transfer sig- 
nals. These all appear in the output of de- 80 
modulator 32. The vmce dgnds are ampli- 
fied by a band pass audio amplifier 33 which 
is limited to the band pass <k the tdephone 
line system (typically 300 to 3300 Hz). The 
output of audio atnplifier 33 is coupled to 85 
the earphone terminals £AP of the tr^ 
mission network via the earphone coupling 
circuit 34. 

The output of demodulator 32 is also fed 
to amplifier 35 whidi has a somewhat wider 90 
band that indudes the band of amplifier 33, 
for amplifying cradle switch dgnals, did sig- 
nals and traiSer/hold signals bom the exten- 
sion station. The output of an^lifier 35 is 
applied to die DIAL Termmals of the trans- 95 
mudon network via die did pulse drcuits 36. 
Where the did signals from the extension 
station are pulses (sometimes called did 
clicks) as produced by a convcntiond rotary 
telephone did, diese did pulse drcuits may tOC 
consist of a solenoid driving a normally dosed 
switch the switdi being connected to the F . 
and RR terminals of die transmisdon net- 
work, shown in Fig. 7, and the solenoid being 
driven by the output of amplifier 35. The I Of 
master unit of diis construction and function 
is shown in greater detail in Figure 4, 

The transfer/hold dgnds and the cradle 
switch signd in the output of demodulator 
32 are amplified by amplifier 35 and fed to nO 
the transfer /hold and cradle switch circuits 
37 and 38, respectivdy. These signals may 
be combined in the cradle switch circuits and 
applied to the terminals in die tip 

and ring lines of die transmission network 115 
shown in Fig. 7. Thus, dialing signals, cradle 
switcih dgnds and transfer/hold signals 
originating at the extension tdephone are 
carried to the master unit on the extendon 
carrier frequency over the AC power wires 12( 
and are recdved, demodulated and applied 
to the appropriate terminals of the transmis- 
don networic Furdiermore, since the trans- 
missiott netw<H:k is coupled by line 6 to the 
subscriber's tdephone line 1, the same sig- \2t 
nals are carried to the telephone line and 
accomplish the same functions there as would 
be accomplished by the same kind of dgnds 
horn a conventional extendon telephone con- 
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nected directly to the subscriber's tdephone 
line. 

The extension station TR unit 15 and 
extension tdej^ne 12 are shown in Figure 
3 with the major circuits thereof in blocks. 
The master carrier frequency in the AC power 
line is fed to die extension coupUng network 
41 via plug 20 and Ac power line 19. From 
the coupling network 41 the master frequency 
is fed to the diplexer unit 42 ^eie it is 
separated from the extension frequency and 
fed on line 43 to the master carrier fre- 
quency receiver and demodulator 44. Thus, 
the ouQsut of the demodulator 44 consists of 
voice signals equivalent to the voice signals 
<m the subscriber's telephone line 1 and ring 
signals representative of the ring signals on 
the subscriber's telephone line 1. These voice 
signals are amplified by amplifier 45 and 
applied to the earphone dicuits 46 wliich 
energize ±e earphone 47 of extension tde- 
phone 12 dirough one of the lines 16. 

Similarly, the rin^ signal in the ou^ut of 
demodulator 44 is amplified by amplifier 48 
and fed to rin^ detector circuits 49 whidi 
control energization of the extension tdephone 
bell or buzzer 51. This bell may be located 
within the extension TR unit 15 or it may be 
located in a conventional manner in the ex- 
tension telephone 12. 

^ The signals which originate at the exten- 
sion telephone 12 include the extension cradle 
switdi signal from the extension cradle switch 
52, the extension dial signals from the exten- 
sion dial 53, the extension voice signals from 
the extension microphone or mouthpiece 54 
and the extension transfer/hold signal from 
the transfer/hold switch 55 of die extension 
tdephone. These signals are fed to corres- 
pondingly named circuits 62 to 65 in the 
extension TR unit. The outputs of circuits 
62, 63 and 65 are amplifiol by an^lifier 65, 
67 and 69, respectively^ and the outputs of 
these are ccunbined by summing circuit 71 
and amplified by variable gain amplifier 72. 
The voice signals from extension microphone 
54 are amplified by microphone circuits 6i 
and fed to variable gain voice band amplifier 
68. 

Amplifiers 68 and 72 are preferably vari- 
able gain amplifiers so diat the gains thereof 
can be adjusted in view of the attenuation 
of the extension phone carrier frequency m 
the AC power line between the extension 
staticm and master station. These outputs of 
ainplifiers 68 and 72 are combined by sum- 
ming circuit 73 and fed to extension carrier 
frequency modulator and transmitter 74. The 
output of transmitter 74 carrying modulated 
extension carrier frequency is fed to diplexer 
unit 42 wbetdn it is separated from the 
master carrier frequency and dien fed to the 
coupling network 41 for couplii^ to the AC 
power wires via power liro 19 and plug 20. 

Additional detafls of die master TR unit 



5 induding a few slight variations of the sys- 
tem shown generally in Figure 2 are shown 
in Figure 4. The circuits and components 
shown in Figure 4 which are or may be the 
same as the circuit blocks shown in Figure 70 

2 which make up the master unit, bear the 
same reference numbers. Figure 4 does not 
^ow the transmission network 21, but rather 
shows in detail the terminals ci the conven- 
tional transmission network cf Fig. 7 as it 75 
may be used in the master imit. This patti- 
cujar transmission network is identified as the 
ITT type 75335-1 v^ch is part of a great 
many oonvenrional tdephone hand sets in 
current use. go 

The outputs of transmission network 21 
shown in Figure 4 are the RING terminals 
and the MIC terminals. The RING ter- 
minals are terminals G and La to which the 
ring detector drcuits 22 in the master unit 85 
are connected. These ring detector circuits 
indude a full wave rectifier diode bridge cir- 
cuit 81 to which the terminals G and of 
the transmission network are coupled via 
capadtors denoted Cr. The output of this 90 
bridge is connected to the input of the ring 
signal threshold detector 82 which indudes 
a smoothing filter and the output of this de- 
tector is affiled across die coil 84 of a 
normally opened sdenoid relay with contacts 95 
85. When these contacts dose, they connect 
the output 83 of the 1,000 Hz tone oscillator 
86 to the input of variable gain amplifier 25. 
This amplifier preferably operates over a 10% 
band centered at a convenient ring tcme fre- 100 
quency such as 1,000 Hz. The gain of this 
amplifier is controlled by variable potentio- 
meter 25'. 

The MIC terminals <rf the transmission 
networi:, denoted R and B connect across the 105 
primary coil of transformer 87 which is the 
equivalent of the microphone drcuit 23 shown 
in Figure 2. The second^uy of this trans- 
former connects to die input of variable gain 
amplifier 24 vrtiicfa preferably operates over no 
die voice frequency range 300 to 3300 Hz. 
The gain of this amplifier is controlled by 
variable potentiometer 24'. 

The outputs of amplifiers 24 and 25 are 
fed to algebraic summing circuits 26 which 115 
combine die ring tone signal of 1,000 Hz and 
the voice signals which lie in the band 300 
to 3300 Hz and these combined signals are 
fed to the master carrier frequency modulator 
and transmitter 27. This modulator consists 120 
of a variable frequency oscillator 88 which 
is centered at a frequency substantially higher 
than the tdephone Une frequencies and higher 
than frequendes normally appearing in the 
AC power wires. For example, this frequency 125 
may be 240 QKHz. The output of this osdll- 
ator is amplified by dass A power amplifier 
89 and fed to the hig^ pass filter 90 in di- 
plexer unit 28. This hi^ pass filter has a 

3 db cut off frequency of 200 KHz. Thus, 130 
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die output of hig^ pass filter 90 in the master 
RF or master carder frequency whidi is fre- 
quency modulated by die voice and ring tone 
»gnals derived from the subscriber's tele- 

5 phone line 1. This modulated master carrier 
frequency is coupled to die AC power line 
by the RF ooutding network 29 ^di may 
consist of an Rr transformer 91 whidi couples 
to die AC line 9 by capacitors Cc, denoted 

10 92. 

The RF coupling network 29 f uncdons in 
to die AC power line and couples the exten- 
carrier frequency from the transmitter 27 
to the AC power line and couples the exten- 

15 sion carrier frequency from die AC power 
line to die low pass filter 93 in the diplexer 
unit 28. In the direction from die master car- 
rier transmitter 27 to die AC power line, the 
primary coil 94 of RF transformer 91 inr 

20 dudes a centre tap to ground and die capa- 
citances 92 connect ti^ secondary coil 95 
of this transfomier to die AC power wires. 

The extension carrier frequency, like the 
master carrier frequency, is far higher than 

25 the normal operating band of the td^hcme 
line and is h^er than fcequencies normally 
appearing in any significant amplitude in the 
AC power wires. Howeva:, the extension 
carrier frequency differs suffidendy from the 

30 master carrier frequency so that diey can be 
discriminated readily one from die other. For 
example if the master heqvxxscy is centered 
at 240 KHz, then the extension carrier 
frequency is OHwenicndy ceirteied at 90 

35 EHz. Accordin^y, the 3 db cut off frequency 
of low pass filter 93 is 100 KHz. The output 
of this filter (which is extension: carrier fres 
quency modulated by the various signals 
generated at the extension telephone), is fed 

40 to the extension carrier frequency receivet and 
demodidamr 32. The receiver portioa of diis 
oon^sts of a variable gain amplifier 101 and 
an FM demodulator drcuit lOGL The gain of 
amplifier 101 is controlled by variable potentio- 

45 meter 101'. 

The output of demodulator 102 consists of 
the various signals generated at the extensk>n 
teleph(Hie. These inchide the voice signals in 
the frequency range 300 to 3300 Hz and 

50 separate narrow band tones, one carrying the 
extension cradle switch signal, another the dial 
pulse signals and, a third die transfer/hold 
signal The gcneratkm of these sq>arate nar- 
row band tones to carry each of these dif- 

55 ferent signals is explained more fully herein 
widi respect to Figure 6 vihidi shows the ex- 
tension TR unit 15 wherein these tones are 
generated. For example, the cradle switch sig- 
nal may be carried by a narrow band tone 

60 centered at 100 Hz, the dial pulse signals may 
be carried by a narrow band tone cemered 
at 3000 Hz and die transfer/hold signals may 
be carried by a narrow band tone centered at 
2,000 Hz. These tones are sqparated in die 

65 oixtput of amplifier 35 by varible gain ampli- 



fiers 103, 104 and 105 vMdb. operate over 
the narrow bands centered at 100 Hz, 3,000 
Hz and 2,000 Hz, respectively, and so the 
outputs these amplifiers are limited to the 
cradle switch signal, the dial pulse signals 70 
and the transfer/hdd signal, respecdvdy and 
eadi is represented by a different tone. These 
tones are decoded by detecting the envelopes 
of these tones which represent the assodated 
signals. For this purpose, detectors 106, 107 75 
and 108 are providol \Addi produce in the 
output theret^ the cradle switdi, transfer/ 
hold and dial pulse signals, respeoively. 

The transfer/hold signal in the output of 
decoder 108 is fed to the flop input of flip- gO 
flop circuit 110. This flip^op circuit is a 
double input, bistable multivibrator of con- 
ventional construction and is triggered by a 
sharply rising voltage level (a spike pulse) at 
dther input. For purposes of example, the flip 85 
stage is die •*zero" state and die flop is the 
"one" state of this multivibrator and the out- 
put is from the flop or one state. This output 
IS a zero or one voltage levd and is fed along 
with the **zero" or "one" voltage level in 90 
the output of the cradle switdi decoder 106 
to OR gate 112 \diich energizes die solenoid 
113 of normally open, switch relay 114. 

The two switches 115 and 116 of relay 114 
connect to the cradle switch CRSW terminals 95 
of the transmission network 21 in the tip and 
ring Imes thererf. These terminals, diown 
in Fig, 7, are Li and F which ccmnect to 
switdi 115 and 1^ and C which ccnmea to 
switch 116. Hence, a "one" signal levd in the |00 
output from flip-flop 110 or cradle switdi tone 
decoder 106 . doses switdies 115 and 116 and 
makes the master unit 15 responsive to sig- 
nals on die subscriber's tdq^one line 1. 

The flip or "zero" stage of flijj-flop 110 105 
responds to spike pulses from initialization 
circuit 111. Tjiese spike pulses are derived 
dther from the power supply voltage Vi from 
die DC power supply 30 when die master 
TR unit 15 is turned on (sudi as ^en it is 1 10 
plugged into die AC power line), or from the 
initiation of a "one" signal level in the out- 
put of cradle switdi tone decoder 106. Thus, 
following turn on the master TR unit or lift- 
ing the extension tdephone handset from its \\S 
ctidle^ the flip-flop is set to its "zero" state. 

Typicd operation of the rday 114 to con- 
trol coupling of the tip and ring, lines of net- * 
work 21 to the subscriber's tdephone line, is 
illustrated by the diagrams of Fig. 5. This 12O 
^ows the types of signals produced by de- 
coders 106 and 108 and by circuit 111, and 
die states of flip-flop 110 and the tip and ring 
line connections to the telephone line at a 
number of typical operating events* For |25 
example: 

At ti — ^the master station is turned on pro- 
ducing power suOTly voltage Vi_ 
whidi causes a spike output pidse" 
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from ciicuit 111 that sets the flip* 
flop 110 to flbe ''zero" state. 
At t^ihc extension handset is lifted from 
its cradle. 

At ts-^tbe extension transfer/hold button 

is momentatily depressed. 
At the extension handset is returned 

to its cradle. 
At is — the extension TR unit is unplugged 

from the AC power line — (and is 

moved) 

At U — die extension TR unit is plugged 

into the AC power line. 
At tj — the extension handset is lifted from 

its cradle. 

At fs-~the extension handset is returned 
to its cradle. 



This sequence of events shows that the 
master unit transmission network 21 is 

20 coupled to the subscdbei's tdephone line upon 
answering the extension phone ani remains 
coupled after the tran^er/hold button is 
actuated even vrhea the extension is un- 
plugged from the system, moved and dien 

25 plugged in again. 

The dial pulse circuits 36 in the master 
unit in Figure 4 consist of variable gain 
amplifier 104 amplifying the sigMs from 
amplifier 35 and die dial pulse decoder (en- 

30 vdope detector) 107. The amplifier 104 oper- 
ates oyer a narrow band centered at the 3,000 
Hz dial pulse tone and selectively amplifies 
only the dial pulse tones appearing in the 
ouq)ut of amplifier 35. The decoded dial 

35 pulse ton^ consisting of dial pulses, appears 
in the output of this decoder and is applied 
to the solenoid 121 of relay switch 123. The 
switdi 123 in this relay is normally closed 
and so each dial pulse causes die switdi 123 

40 to momentarily open. Sioce diis switdi con- 
nects to die DIAL terminals F and RR of 
die transmission network 21, the dial pulses 
are applied to the netwcttk and from the net- 
work to the subscriber's tdephone line 1 

45 via die master connector 4. Thus, all signals 
origmating at the extension tdephone are car- 
ried to die master TR unit over the AC power 
wires and decoded to suitable form for 
coupling to the conventional tdephone line 

50 transmission network that connects to the sub- 
scriber's telephone line. In this manner, the 
extension tdephone is made as effective as a 
conventional telephone on a conventional ex- 
tension of the subscriber's tdephone line. 

55 More particulariy, the extension telephone 
described is capable of answering and recdv- 
ing incoming telephone cdls and conducting 
conversations with the incoming calL It can 
place a call <m the tdephone line and initiate 

60 a hold position so that the same cdl can be 
answered also on the master tdephone or on 
another extension tdephone or so diat the 
extension phone answering die call can be 
unplugged, moved and plugged in again to 



continue the caU. Furthenn(»e, all these func- 55 
tions can be peifcHmed widi or widiout the 
master tdephone on the tdephone line and no 
action has to be tal^ widi zegard to the 
master tdephone in order ta pmcrm these 
fimcdons. 70 

Additional details of the extension station 
TR unit 15 are shown in the block diagram, 
electrical schematic 6t Figure 6. As £own 
in this figure, the master carrier frequengr 
is coupled from the AC power line diroQ^ 75 
the RF coupling network 41 which may con- 
sist of two capacitances 131 connected to die 
primary 132 of an RF transformer 133 in the 
direction of incoming master carrier fre- 
quency. The secondly 134 of tiiis trans- 80 
former, in the same direction, indudes a 
centre tap to ground. The master carrier fre- 
quency from diis transformer feeds through 
hi^ pass filter 135 cut-off at 200 KHz to 
the master carrier frequency receiver and de- 85 
modulator 44. This recdver and demodulator 
consists of a variable gain amplifier 136, a 
low pass broadcast filter 137 and FM de- 
modulator 138. The variable gain amplifier 
136 has a narrow frequency band of opera- 90 
tion centered at about 240 KHz. 

Since the signals that modulate the master 
carrier frequency consist of the 1,000 Hz ring 
tone generated by the tone oscillator 86 in 
the master unit, and the voice signals from 95 
the MIC terminals of the transmission net- 
work in the master unit, the output cf FM 
demodulator 138 consists of thpse same voice 
signals and the 1,000 Hz ring tone signal. 
The voice signals in this output are amplified 100 
by variable gain amplifier 45 which energizes 
the earphone circuit 46 that in turn, energize 
the earphone 47 of the extension tdephone. 
The circuit 46 may indude, for example, a 
capacitance. 139 in series with inductanceJ40. 105 

The ring tone signal m die'output dt dt- ' 
modulator 138 is amplified by variable gain 
amplifier 48 which drives the ring and tone 
deood^ (ring tone envdope detector) 141 
that energizes die coil 143 of rday switch ]]0 
142. The switdi 144 of reh^r 142 is normally 
open and doses when the ring signal is 
present in the output of the decoder. When 
this switch closes, it turns on the buzzer 
or bdl 51. 115 

The extension tdephone signals, exdud- 
ing the voice signals from die microphone 54, 
are each converted to a representative tone 
so that eadi can be distinguished from the 
other at the master unit by the distinguishing 12O 
tone. In the extwision unit, these tones 
modulate die extension carder frequency 
which is then transmitted over the AC power 
wires to the master unit. These identifying 
tones are preferably single frequendes, all |25 
within the voice frequency band width. That 
is, they fall vwthin die 30 to 3300 Hz band. 
Furtiietmote, these tones are seleaed in view 
of the signal yMdi they are to convey and are 
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separated substantially fnun each other to 
ensure there is no overlap. With this in mind. 
It is convenient if the cradle switch signal is 
carried by a tone at about 100 Hz and the 

5 dial pulses are carried by a tone at the other 
end of the available band, such as 3,000 Hz. 
This leaves diie transfer/hold signal from the 
extension telephone to be carried by a tone 
between the other two or about 2,000 Hz. 

10 Thus, die cradle switch, dial and transfer/ 
hold circuits 62, 63 and 65 shown in Figure 
3 may eadi be an oscillator which is turned 
on whenever die associated signal is present. 
For example, the cradle switch circuit 62 

15 may be a 100 Hz oscillator ^ich is turned 
on whenever the cradle switch opens. The 
dial circuit 63 is a 3,000 Hz oscillator which 
is turned on at each dial pulse or didc and 
die transfer/hoM circuit 65 is a 2,000 Ez 

20 oscillator turned on eadi time the transfer/ 
hold switdi is actuated. These oscillators feed 
amplifiers 66, 67 and 69, respectively and 
tiie ou^ts of these amplifiers are comlnned 
by algebraic siunining dicuit 71. 

25 The voice signals from die exten^on phone 
microphcme 54 ate fed to the miorophone cir- 
cuit 64 winch may consist ci an input induc- 
tive impedance 151 and amplifier 152. The 
band </ operation of this amplifier is prefer- 

30 ably at least from 300 to 3300 Hz which is 
in the voice frequency range. 

Variable gain amplifiers 72 and 68 feed 
the tone signals and the volce^ signals to 
algebraic summing circuit 73 whidi in turn, 

35 controls the variable frequency oscillator 153 
in die extension carrier frequency modulator 
and transmitter 74. OsdUator 153 has a centre 
frequency of about 90 KHz and so the upper 
sideband output of this oscillator is in the 

40 range of 90 to 100 KHz. This sideband is 
amplified by ^s A power amplifier 154 and 
fed dirougji low pass filter 155 in the diplexer 
unit 42. This low pass filter has a cut off fre- 
quency of 100 KHz and so it passes the ex- 

45 tension carrier sideband to the RF coupler 
41 that feeds the sideband to the AC power 
wires via die AC plug 20. 

The variable gain amplifiers 72 and 68 
each have a control potentiometer 72' and 

50 68', respectively, for controlling the gain. 
These potentiometers may be preset or diey 
may be varied at installation or even dur- 
ing use as necessary to control the amplitude 
of the tone and voice signals that modulate 

55 the extension carrier frequency. Variable gain 
amplifiers 45 and 48 dso mdude variable 
potentiometers 45' and 48', req»ectively, for 
die same pur pose. 
A typical ITT type 75335-1 transmission 

60 network 21 is shown in detail in Figure 7. 
lliis network connects direcdy to the sub- 
scribers tdephone line as shown, the tele- 
phone line being represented by the tip and 
ring wires 161 and 162 and ground wire 163. 



The first set of terminals, which are across 65 
die lines 162 and 163 are the RING terminals 
oonsisdng of G, A, K and L2. Of these, G 
connects to 163, and L2 connects to 162 and 
G and L2 connect also to the ring tone detec- 
tor circuit 22 in the master unit The CRSW 70 
terminals Li and F in the tip line side 165 
of the network connect to the normally open 
switch 115 of relay 114, Fig. 4. Similarly, 
the CRSW terminals L2 and C in die ring 
line side 166 of the network connect to switch 75 
116 in the same rday. Thus, ^en this relay 
is energized by the cradle switdi signal or 
the transfer/hold signal, terminals Li and F 
on the tip side and terminals L2 aiKl C on 
the ring ^de of the network are diort dr- 80 
cuited. 

The dial pulse or dial dick dgnals SQ>pear- 
in^ in die output decoder 107 in die master 
unit cause normal^ dosed switch 123 oi tds^ 
122 to open then dose with, each pulse. The 85 
terminals of this switch connect to the DIAL 
terminals in tip line side of the transmission 
network and so diese dial pulses are produced 
in the tdephone line when these terminak 
are opened and dosed by the switch 123, 90 

A radio frequency filter 170, also called an 
equalizer drcuit across the tip and ring sides 
of the network indudes a varistor 167 in 
series with the combination of resisted: 168 
and capadtor 169. The capacitor here sup- 95 
presses did pulse transients to prevent them 
from causing radio interference and the resis- 
tor and the varistor form the line equalizer 
that acts as a shunt on short loops to limit 
the power transmitted by the transmission 100 
network to the tdephone tine and vice versa. 
If this power levd is too high, cross talk 
problems occur. 

Hie induction coil TAi— TC in die tip 
line side and the induction coil TA^— TB 105 
in the ring line side of die network are each 
split to balance the in^)edance on each side 
of the line. These inductances are split on 
each side of the AUG terminals R and B to 
which the microphone transformer 87 con- 110 
nects, as shown in Fig. 4 and imposes a load 
equivalent to the carbon microphone of a con- 
ventional tdephone. This transformer 87 and 
the resistor 171 make up the networi^ trans- 
mitter impedance of ^at is sometimes cdled 1 15 
the anti-sidetone circuit. The capacitors 172 
and 173 and resistor 174 make up the anti- 
sidetone balancing impedance. Varistor 175 
compensates for changes in line impedance 
so that desired conditions are maintained to 120 
control sidetone levels. 

The earphone circuit 34 connects to die 
earphone terminals GN and R of die tran&- 
misskm network. This drCuit consists of the^ 
tiansformei 34 at idie output of variable gain 
aniplifier 33 diat amplifies vdice signals de- 
rived &om the extension telephone. This 
transformer provides an impedance equiva- 
lent to the impedance of a oonventioi^ tde- 
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phone eaiphon^ and that impedance makes 
up the xeoeiver leg oi die transmission net- 
work, Varistor 175 limits the output level 
of the receiver leg to levds well below those 

5 which might be objectionable to the user. 

Thus, 2ie transmission network can be the 
same as the transmissi<m network in a con- 
ventional tdephone and all the input and out- 
^put terminals of that network are provided 

10 *v?ith impedances which are equivalent to those 
that are connected to such a network as in a 
ccmventional telephone. As a result^ the sig- 
nal levds and impedances imposed on die 
subscriber's telephone line are in all respects 

15 conventional and not pardculatly distinguish- 
able from die signal levels and impedances, 
that wodd be imposed by a single master 
tdephone of convendonal de^ga connected 
direcdy to the td^hone line. 

20 WHATWECXAIMIS:— 

1. A power line tdephone extension sys- 
tem in a subscriber's premises wired widi 
AC power wires, comprising a subscriber's 
tdephone L'ne entering the premises from a 

25 conventional tde^one system, die sub- 
scriber's line induding a trip wire and ring 
wire a master station coupled to the trip and 
ring wires and coupled to die power wires by 
a reacdve coupling circuity and an extensi<ni 

^ station coupled to an extension tdq}hone and 
coupled to the power wires, at least one of 
die said stations bemg arranged to modulate 
tdeph<Mie sisals on to a carrier and to couple 
the modulated carrier into die power wires, 

35 and at least die other of the stadons bdng 
arranged to detea and demodulate the modu- 
lated carrier to xeconsdtute die td^huDne sig- 
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2. A system accordu^ to daim 1, iidierein 
to modulate signals on the subscriber's line 
the master and extension stations are equipped 
and frmn the extension tele^one respec- 
tivdy on to tespecdve master and extension 
carriers for coupling on to die power wires, 
and are equipp^ to detect modulated carriers 
from the power wires to provide tdephone 
signals respectivdy to die subscribers Ime 
and the extension telephone. 

3. A system accotdi^ to daim 2, wherein 
the signals from die subscriber's line mdude 
die ring signal and voice signals;, the ring 
signd causes die extension tdephone to ring 
and when the extension tdephone is answered, 
signals equivalent to the voice signals present 
on die tdephone line energize the earphone 
of the extensi(»i tdephone. 

4. A system according to claim 2 or 3, 
^etem die master station indudes a con- 
venticmd tdq)hone transmission network 
which imposes a load impedance on the sub- 
scriber's Ime compatible widi the tdq)hone 
^stem, the signals carried on die subscribers 
line are coupled &om die transKnission net- 
work to a master carrier frequency modu- 



lator iNtedn the tdephone signals modulate 55 
the master carrier frequency, and this modulr 
ated master carrier frequency is coupled to the 
power wires at the master location by die 
reactive coupling drcuit. 

5. A ^tem according to claim 4, where- 70 
in the signals from the subscribers line are 

the ring signd and voice signals and these 
signals are combined and fed to die master 
carrier frequency modulator. 

6. A system according to daim 5, wherein 75 
the extension tdephone indudes a bell, a 
handset carrying an earphone and a hand- 
set cradle switdi, the ting signd and die voice 
signals which are combined and modulate die 
master carrier frequency and are coupled to 80 
the power wires, are coupled from the power 
wires at the extension location on the power 
line and are fed to a master carrier frequency 
demodulator v^ch produces ring and vdce 
signals, means are provided for detecting the 85 
ring signd horn die output d die master 
carrier frequency demoduMor, means are pro- 
vided for energizing the extension telephone 
bell in response to the detected ring signd, 
and means are provided for energizing the 90 
extension tdephone earphone in response to 

the voice signds in the output of the master 
carrier frequency demodulator. 

7. A system according to claim 6, wherein 
means are provided whereby the bdl is ener- 95 
g^sed in response to the ring signd m die 
output of the master carrier frequency de- 
modulator ^en the cradle switdi is actuated 

by the handset and means are provided 
ixfeereby the earphone is energized by the 100 
voice signds in the output of die master 
carrier frequency demodulator \dien the aadle 
switch is not actuated by die handset 

8. A system according to daim 7, where- 
in the tdephone transmission netwoiic, the 105 
means for combining die ring dgnd and voice 
signds, the master carrier frequency modu- 
lator, and the reactive coupling circuit are con- 
tained in a unitary padotge at the master loca- 
tion, and the extension receiver means, the 110 
means for coupling master carrier signds 
diereto, the master carrier faequency demodu- 
lator, die means for energizmg ti^e extension 
tdephone earphone are contained in a uni- 
tary package at the extension location. 115 

9. A system according to daim 4, wheiem 
means are provided at the master location 
for detecting the ring signd from the trans- 
mission network and initiating a ring tone 
signd in response thereto, means are pro- 120 
vided at die master location for combining die 
ring tone signd and the voice signals from 

die transmission network, the master carrier 
frequency modulator responds to said com- 
bined dgnds, producing in die output there- 125 
of said master carrier frequency, modulated 
by ring or voice signals, and means are pro- 
vided at the extension location responsive to 
the master carrier frequoic^ demodulator for 
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detecting said ring tone signals, and the out- 
put diereof initiates energization of the ex- 
tension telephone belL 

10. A system as in claim 9, wherein die 
5 frequency of Ae ring tone lies within die 

frequency of the voice signal frequency band, 
the ring tone detector is tuned narrowly 
to the tone frequency, and the threshold 
of the ring tone detector is sufficiently high 
10 to exclude any portion of the voice signals 
from initiating energization of the extension 
telephone beU. 

11. A system according to any of claims 
4 to 10, wherein the master carrier modula- 

15 tion by the signals carried on the subscriber's 
line is frequency modulation, and the master 
carrier frequency centre frequency is sub- 
stantially higher dian the telqdione line oper- 
ating frequency band. 

20 12. A system according to any ci claims 
2 to 11, wherein the master and extension 
carrier frequencies are substantially different 
and both are substantially hi^r than the 
frequency band of operation of the sub- 

25 scriber's line. 

13. A system accordmg to any <tf daims 
2 to 12, whetem the extoision station com- 
prises means for generating an extension tde- 
phone cradle switch agiul, and means f<» 

30 modulating the extension carrier frequency 
by the cradle switch signal as also the ex- 
tension dial and voice signals modulate the 
extension carrier frequency, whereby die 
modulated extension carrier signals indude 
35 dial signals, voice signals and the cradle 
switch signal; and at the master station, the 
extension cradle switch signal is reproduced 



and means are provided for coupling the 
aadle switch signal to die electrical circuits 
coupled ditecdy to the subscribers line for 40 
contrdling ^e coupling thereof. 

14. A system according to daim 13, where- 
in die extension station oanprises means for 
generating an extensiott tdephone transfer/ 
hold signal and means for modulating the 45 
extension carrier foequency by die transfer/ 
hold signal as also die extension dial, voice 

and cradle switch signals modulate the exten- 
sion carrier frequency, whereby the modu- 
lated extension carrier signals indude the 50 
cradle switch, dial, voice and transfer/hdd 
signals; and a master location, the extension 
transfer/hold signal is reproduced and means 
are provided for coupling direcdy to the sub- 
scriber's line for controlling, die cotqiling 55 
therec^. 

15. A system according to claim 14, where- 
in the master station comprises means where- 
by the reproduced cradle switdi and transfer/ 
hold signals cause die dectrical circuits to 60 
couple direcdy to the tdephone line when. 

1. die cradle switdi dg^ is present 

2. f crowing the simid^eous occurrence of 
the cradle switch signal and the transfer/ 
hold signal, die cradle switdi signal 65 
ceases and said coupling to the sub- 
scribers line ooi^ues tmtil the cradle 
switch signal commences again and then 

agam. 

REDDIE & GROSE, 
Agents for the Applicants, 
16, Theobalds Road, 
London, WCIX 8PL. 
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